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A phase correction apparatus 1 a wireless transmitter
includes a modulator for modulating a first carrier signal by
an in-phase component and a quadrature-phase component of
a first signal, a demodulator for demodulating a returned
signal by a second carrier signal and generating a second
signal including an in-phase component and an quadrature-
phase component, a phase detector for detecting a phase error
between the first signal and the second signal based on the
in-phase components and the quadrature-phase components
of the first and second signals, and a phase shifter group for
performing a phase shift based on the phase error, the phase
shifter group including a first phase shifter for performing a
phase shift on any of the first signal, the second s1gnal, the first
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PHASE CORRECTION APPARATUS AND
PHASE CORRECTION METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of

priority of the prior Japanese Patent Application No. 2009-
144356, filed on Jun. 17, 2009, the entire contents of which
are incorporated herein by reference.

FIELD

Embodiments of the present invention relate to a phase
correction technology used for a wireless transmiutter.

BACKGROUND

An output signal from a power amplifier for wireless trans-
mission generally has a limitation on linearity, and in particu-
lar, a gain 1s decreased when a level of an input signal 1s large
(linearity distortion). As a circuit for compensating such a
linearity distortion, a Cartesian feedback type distortion cor-
rection apparatus 1s known. If the Cartesian feedback type
distortion correction apparatus functions i1deally, a high lin-
carity may be obtained 1n the output signal from the power
amplifier.

In the Cartesian feedback type distortion correction appa-
ratus, the output signal from the power amplifier 1s taken out
and fed back to an mput side. At this time, for example, a
phase change in a feed back system 1s generated along with an
influence of an antenna load, a propagation delay of a direc-
tional coupler or a demodulator, or the like. Therefore, in
order to effectively operate the Cartesian feedback type dis-
tortion correction apparatus, 1t 1s necessary to correct this
phase change 1n the feed back system.

From the above-mentioned viewpoint, a phase correction
apparatus applied to the Cartesian feedback type distortion
correction apparatus 1s known. FIG. 1 1llustrates a main part
of this phase correction apparatus.

In FIG. 1, an in-phase component I and a quadrature-phase
component (Q of a baseband signal for transmission are com-
bined after being modulated by a quadrature-phase modulator
40. This combined signal 1s amplified by a power amplifier 90
(PA) to a desired level and transmitted as an RF signal
(RF_OUT). Also, a part of this RF signal (RF_OUT) 1s taken
out (feed back) by a directional coupler, and a baseband signal
(an 1n-phase component I*, a quadrature-phase component

Q*) 1s generated by a quadrature-phase demodulator 30 from
a feedback signal y(t). Herein, based on the above-mentioned
phase change 1n the feed back system (in FIG. 1, a delay
equivalent to the phase change 1s denoted as delay period T),
[=]* and Q=Q* are established, and 1n order to correct this

phase change, a phase correction apparatus 1s provided.

In FIG. 1, the phase correction apparatus 1s provided with
a phase detector including a sine detection unit 101 and a
cosine detection unit 102, and a phase shifter 104. Herein,
when a target correction amount of the phase (that 1s, a phase
error) 1s set as A, the fed-back baseband signal (the in-phase
component I*, the quadrature-phase component Q*) 1s rep-
resented as in the following Expression (1) and Expression
(2). In Expression (1) and Expression (2), only when A¢=0,
[=I* and Q=0Q* are established. Also, sin(A¢) 1s calculated by
the sine detection unit 101 based on the following Expression
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2

(3). In Expression (3), k denotes a normalized constant, and

k=1/(1-1+Q-Q).

I*=I-cos(AQ)+O-sin(—AQ) (1)

O *=I-sin(A@)+O-cos(AP) (2)

SIN(AQ)=k-(I-Q*-0-IF) (3)

Also, the cosine detection unit 102 calculates cos(A¢)
while following a relation of cos(A$)=(1-sin“(A¢$))"'*. In the
cosine detection unit 102, a configuration i1s adopted 1n which
a square sum of the input to the phase shifter 104 becomes a
given constant Mag, and with this configuration, the compen-
sation 1s made so that the amplitude of the output signal from
the phase shifter 104 1s constant.

As 1llustrated 1n the following Expression (4), the phase
shifter 104 respectively multiplies a carrier signal sin{mt)
from a local oscillator and a signal obtained by shifting the
carrier signal by m/2 by cos(A¢) and sin(A¢) to be combined.
As a result, a signal si(wt+A¢) mm which the phase 1s
advanced by A¢ with respect to the carrier signal sin(wt) from
the local oscillator 1s supplied to the quadrature-phase modu-
lator 40. Therelore, the phase error between the RFE signal y(t)
fed back from the output of the wireless transmitter and the

carrier signal provided to the quadrature-phase modulator 40
becomes 0 (A¢p=0).

cos(Ad)-sin(wz)+sin(A@)-cos(w)=sin{w-1+AP) (4)

Herein, the phase correction apparatus described with ret-
erence to FIG. 1 may basically perform the correction when

the phase error A 1s 1n a range of —t/2<A¢p<+m/2. In view of
the above, a phase correction apparatus 1s desired which may
perform the correction in a range of the entire phase range,
that 1s, —T<Ap<+.

As the phase correction apparatus which may perform the
correction in the range of the entire phase range, an apparatus
which 1s provided with a phase shifter for shifting the phase of
the fed-back baseband signal in 7t/2 unit 1s known. Hereinai-
ter, a description will be given of this phase correction appa-
ratus with reference to FIG. 2.

In FI1G. 2, the phase shifter 104 may perform the correction
in a range of —m/2<A¢p<<+m/2. Also, the phase shifter 104 1s
provided with a n/2 phase shifter 108 capable of shifting the
ted-back baseband signal (the in-phase component I*, the
quadrature-phase component Q*) from the quadrature-phase
demodulator 30 1n the /2 unit. The phase detector 103 detects
the phase error (the target correction amount) from the base-
band signal for transmission (the imn-phase component I, the
quadrature-phase component (Q) and the fed-back baseband
signal (the in-phase component I¥, the quadrature-phase
component Q*). Then, in a case where the target correction
amount exceeds the range of —m/2<A¢p<+m/2, the phase detec-
tor 103 sends out a signal for shifting the phase of the fed-
back baseband signal (the in-phase component I*, the quadra-

ture-phase component Q*) 1n the m/2 unit to the /2 phase
shifter 108.

Incidentally, in the phase correction apparatus 1llustrated in
FIG. 2, a transfer function H(s) of the control system (s:

Laplace operator) 1s as illustrated in Expression (5). In
Expression (3), the setting 1s as follows.

K(s): A transfer function on a direct line between the input
and output of the system
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a.(s): A transfer function of the /2 phase shifter 108
B3(s): A transier function on a feed back line except for the

/2 phase shifter 108

K(s) N 1
1+ B(s)-als) - K(s) ~ Bis)-afls)

H(s) = (5)

Expression (5) means that the transter function H(s) of the
control system depends on the transfer functions o(s) and 3(s)
on the feed back line. Therefore, in the phase correction
apparatus 1llustrated 1n FIG. 2, a characteristic of the output of
the control system (that 1s, the output of the power amplifier)
1s easily affected by a non-linearity of the /2 phase shifter
108 and a distortion characteristic. This situation 1s not prei-
erable 1n terms of a stable function of the phase correction

operation.

SUMMARY

According to an aspect of the embodiments discussed
herein, a phase correction apparatus 1n a wireless transmitter
for converting a first signal into a wireless signal and ampli-
tying the wireless signal by a power amplifier, the phase
correction apparatus includes a quadrature-phase modulator
for modulating a first carrier signal by an in-phase component
and a quadrature-phase component ol the first signal, a
quadrature-phase demodulator for demodulating a returned
signal returned from an output of the power amplifier by a
second carrier signal and generating a second signal includ-
ing an in-phase component and an quadrature-phase compo-
nent, a phase detector for detecting a phase error between the
first signal and the second signal based on the in-phase com-
ponents and the quadrature-phase components of the first
signal and the second signal, and a phase shifter group for
performing a phase shift based on the phase error, the phase
shifter group including a first phase shifter for performing a
phase shift on any of the first signal, the second signal, the first
carrier signal, and the second carrier signal and a second
phase shifter for shifting a phase of the first signal.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the embodi-
ments, as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram 1illustrating an example of a
related phase correction apparatus;

FI1G. 2 15 a block diagram 1llustrating another example of
the related phase correction apparatus;

FIG. 3 1s a block diagram illustrating an overall configu-
ration of a main part in a wireless transmitter according to the
first embodiment;

FIG. 4 1s a block diagram only 1llustrating parts related to
the phase correction apparatus in the wireless transmitter
according to the first embodiment;

FIG. 5 15 a block diagram 1llustrating a schematic configu-
ration of a m/2 phase shifter according to the first embodi-
ment,

FIG. 6 1llustrates a relation between signs of respective
components of a baseband signal for transmission and a base-
band signal to be fed back and signs of a sine value of a phase
error according to a second embodiment;

FI1G. 7 1s a block diagram illustrating a specific configura-
tion of a phase detector according to the second embodiment;
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FIG. 8 1llustrates a setting example of a ROM 1n the phase
detector according to the second embodiment; and

FIG. 9 illustrates an mput and output relation of an inte-
grator 1n the phase detector according to the second embodi-
ment.

DESCRIPTION OF EMBODIMENTS

First Embodiment

Heremnaiter, a wireless transmaitter provided with a Carte-
s1an feedback type distortion correction apparatus for com-
pensating a linearity distortion of a power amplifier will be
described. For this Cartesian feedback type distortion correc-
tion apparatus, a phase correction apparatus 1s applied.

(1-1) Overall Configuration of the Wireless Transmitter

Hereinatter, an overall configuration of the wireless trans-
mitter according to the first embodiment will be described
with reference to FIG. 3.

FIG. 3 1s a block diagram illustrating an overall configu-
ration of a main part in the wireless transmitter according to
the first embodiment. The wireless transmitter 1llustrated in
FIG. 3 includes a phase detector 10, a phase shifter 14, a lock
indicator 16 (LOCK IND), a /2 phase shifter 18, a quadra-
ture-phase demodulator 30 (DEM), a subtractor 38, a quadra-
ture-phase modulator 40 (MOD), a power amplifier 90 (PA),
a local oscillator 91, and a directional coupler 93.

In the wireless transmitter 1llustrated in FIG. 3, a carrier
signal generated by the local oscillator 91 1s provided to the
quadrature-phase demodulator 30. An RF signal (RF_OUT)
output by the power amplifier 90 1s taken out by the direc-
tional coupler 93, and a baseband signal (an in-phase com-
ponent I*, aquadrature-phase component Q*) 1s generated by
the quadrature-phase demodulator 30. This baseband signal
(the in-phase component I*, the quadrature-phase component
Q*) 1s fed back to the subtractor 38. In the subtractor 38, the
baseband signal to be fed back (the in-phase component I*,
the quadrature-phase component (Q*) 1s subtracted from the
input baseband signal (an 1n-phase component I , a quadra-
ture-phase component Q, ). An error signal obtained by the
subtractor 38 1s directed to the quadrature-phase modulator
40. With this configuration, the Cartesian feedback 1s formed.

In the description of this embodiment, the baseband signal
input to the quadrature-phase modulator 40 1s referred to as
baseband signal for transmission (an in-phase component I, a
quadrature-phase component Q). The baseband signal for
transmission 1s a signal generated when an error signal
obtained by the subtractor 38 has been subjected to a given
transport element (not illustrated) for the amplification. The
baseband signal for transmission (the in-phase component I,
the quadrature-phase component Q) and the baseband si1gnal
to be fed back (the m-phase component 1*, the quadrature-
phase component Q*) are mput to the phase detector 10 and
the lock indicator 16.

The phase detector 10 detects a phase error based on the
baseband signal for transmission (the in-phase component I,
the quadrature-phase component Q) and the baseband signal
to be fed back (the in-phase component I*, the quadrature-
phase component Q*) and provides the detected phase error
as atarget correction amount (target value) to the phase shifter
14. The phase shifter 14 shiits the phase of the carrier signal
with respect to the quadrature-phase modulator 40 from the
local oscillator 91 by the target correction amount provided
from the phase detector 10.

This phase correction apparatus may also be regarded as a
PLL (Phase Locked Loop) in an aspect that the phase of the
baseband signal for transmission (the in-phase component I,
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the quadrature-phase component Q) functioning as the input
signal and the phase of the fed-back baseband signal (the
in-phase component I*, the quadrature-phase component Q*)
functioning as the output signal are synchronized. In the
tollowing description, the phase correction apparatus accord-
ing to the first embodiment 1s appropriately referred to as
“PLL” simply 1n a case where a phase synchronization func-
tion thereol 1s paid attention to.

The lock indicator 16 performs a lock determination of the
PLL and outputs a lock determination signal L._IND of a
logical level to the nt/2 phase shifter 18. In a case where the
lock 1s not effected, that is, the phase error 1s not corrected, the
lock indicator 16 sets the lock determination signal L_IND
output to the m/2 phase shifter 18 active. With this configura-
tion, the /2 phase shifter 18 shifts the phase of the baseband
signal for transmission (the in-phase component I, the
quadrature-phase component Q) in the /2 unat.

As described above, 1n this phase correction apparatus, the

phase correction processing 1s carried out 1n the phase shifter
14 and the m/2 phase shifter 18. With regard to the phase
shifter 14, the phase error A¢ capable of shifting may be
within a certain range (for example, —mn/2<A¢<+m/2). With
respect to the large phase error out of the range, the phase
error 1s corrected as the phase shifter 14 operates together
with the nt/2 phase shifter 18.

As 1llustrated 1n FIG. 3, 1n the phase correction apparatus
according to the first embodiment, the /2 phase shifter 18 1s
provided between the subtractor 38 and the quadrature-phase
modulator 40. That 1s, 1n the feed back control system con-
stituting the phase correction apparatus according to the first
embodiment, the m/2 phase shifter 18 1s arranged on the direct
line (direct line between the input and output of the system)
instead of the feed back line. This arrangement has an 1impor-
tant meaning with regard to an influence on a gain character-
istic of the entire system which 1s caused by a gain character-
istic of the /2 phase shifter 18. That 1s, according to the first
embodiment, as the m/2 phase shifter 18 1s arranged on the
direct line, and in the above-mentioned Expression (35), the
transier function of the 7t/2 phase shifter 18 may be equivalent
to a part of K(s), but 1n the case of K(s)>>1 (for example, a
case of dealing with a high frequency), K(s) may be ignored
in consideration of the transter function of the entire system.
(1-2) Configuration of the Phase Correction Apparatus

Next, a configuration of the phase correction apparatus will
be described with reference to FIG. 4.

FI1G. 4 1s a block diagram only 1llustrating parts related to
the phase correction apparatus 1n the wireless transmitter
according to the first embodiment. That 1s, 1n FI1G. 4, as being
different from FIG. 3, the entire Cartesian feedback system 1s
not 1llustrated.

In FIG. 4, a delay element of the RF signal taken out from
the directional coupler 93 to be fed back 1s represented as .
Also, as 1llustrated 1n FIG. 4, the quadrature-phase demodu-
lator 30 1s provided with a mixer 31, a mixer 32, and a /2
phase shifter 33, and the quadrature-phase modulator 40 1s
provided with a mixer 41, a mixer 42, a /2 phase shifter 43,
and an adder 44.

The mixer 31 multiplies the fed-back RF signal y(t) (re-
turned signal) by the carrier signal sin{wt) (the second carrier
signal) from the local oscillator 91 to generate an in-phase
component I* of a baseband signal (second signal). The mixer
32 multiplies the fed-back RF signal y(t) by a signal obtained
by shifting the carrier signal sin{wt) from the local oscillator
91 by n/2 (the second carrier signal) to generate a quadrature-
phase component Q* of the baseband signal (the second
signal).
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The phase of the carrier signal (the first carrier signal)
provided to the quadrature-phase modulator 40 1s shifted by
the phase shifter 14 by A¢p(sin(wt+A¢)). The mixer 41 multi-
plies the in-phase component I of the baseband signal for
transmission (the first signal) or the in-phase component I
whose phase 1s shifted by the n/2 phase shifter 18 by a carrier
signal sin(wt+A¢). The mixer 42 multiplies the quadrature-
phase component Q of the baseband signal for transmission
(the first signal) or the quadrature-phase component () whose
phase 1s shifted by the m/2 phase shifter 18 by a signal
obtained by shifting the carrier signal sin{wt+A¢) by 7t/2. The
adder 44 adds output signals of the mixer 41 and the mixer 42
to be supplied to the power amplifier 90.

On the basis of the signals of the respective component of
the baseband signal for transmission (the 1n-phase component
I, the quadrature-phase component Q) and the baseband sig-
nal to be fed back (the in-phase component I*, the quadrature-
phase component Q*), the phase detector 10 sets a controlled
voltage CV (Controlled Voltage) provided to the phase shifter
14. Herein, when the phase error between the baseband signal
for transmission and the baseband signal to be fed back 1s set
as A¢, the controlled voltage CV 1s a value in accordance with
sin(A¢). The controlled voltage CV 1n accordance with sin
(Ap) may be obtained, for example, based on the above-
mentioned Expression (3).

The phase shifter 14 1s a phase shifter for shifting the phase
by an amount 1n accordance with the controlled voltage CV
from the phase detector 10. As compared with the m/2 phase
shifter 18, the phase shifter 14 may perform the phase shiit at
a minute amount, but the phase amount at which the shift may
be performed 1s small.

The phase shifter 14 shiits the carrier signal sin{wt) from
the local oscillator 91 by the phase amount based on the
controlled voltage CV from the phase detector 10 and gener-
ates the carrier signal sin{wt+A¢) with respect to the quadra-
ture-phase modulator 40. According to the first embodiment,
as long as the phase shifter 14 shiits the phase 1n accordance
with the value of the provided controlled voltage, the con-
figuration 1s not limited. According to this embodiment, the
phase shiit 1s performed only based on the value of sin(A¢),
which 1s effective when the phase error A¢ 1s 1n the range of
—t/2<A¢p<+m/2. When the phase error A¢ 1s within the range
of —/2<A¢p<<+m/2, sin(Ap)=~A¢ 1s assumed, and 1t sullices 1f
the phase shifter 14 1s provided with a configuration for
causing a phase shift by an amount 1n proportion to the con-
trolled voltage CV.

The lock mdicator 16 compares the baseband signal for
transmission (the in-phase component I, the quadrature-
phase component Q) with the baseband signal to be fed back
(the second signal; the in-phase component I*, the quadra-
ture-phase component Q*) to determine whether or not the
phase correction apparatuses functioning with the PLL lock.
A configuration 1n the lock indicator 16 for the lock determai-
nation 1s not limited.

The lock indicator 16 may be constructed, for example, as
tollows. For example, when only the in-phase component 1s
paid attention to, a normal value range for a difference value
between I and I* (reference voltages at an upper limit and a
lower limit) 1s previously set 1n the lock indicator 16. Then,
the lock indicator 16 sequentially calculates the difference
value between I and I* (voltage value) and compares the
difference value with the reference voltages at the upper limat
and the lower limit by using two comparators. Then, based on
outputs (logical levels) of the two comparators, 1n a case
where the difference value does not exceed the normal value
range, 1t 1s determined that the lock 1s effected, and in a case
where the difference value exceeds the normal value range, 1t
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1s determined that the lock 1s not effected. The same applies to
the quadrature-phase component.

As described above, the lock indicator 16 outputs the lock
determination signal L._IND indicating whether or not the
lock 1s effected to the n/2 phase shifter 18.

When this phase correction apparatus 1s regarded as the
PLL, a loop filter of the PLL 1s equivalent to a filter charac-
teristic of the phase detector 10. In view of the above, the
difference value between I and I* calculated by the lock
indicator 16 and the difference value between QQ and Q* are
preferably values taking 1into account the filter characteristic
ol the phase detector 10.

The m/2 phase shifter 18 1s a phase shifter capable of
performing a phase shift only at a rough amount, but the phase
amount at which the shift may be performed 1s large. To be
more speciiic, the /2 phase shifter 18 shifts the phase of the
baseband signal for transmission (first signal) based on the
lock determination signal L._IND from the lock indicator 16
in the /2 unait.

Herein, a shift processing on the in-phase component and
the quadrature-phase component of the baseband signal to be
input 1n the m/2 unit may be easily performed through nver-
s1on and/or replacement of the mn-phase component and the
quadrature-phase component. That 1s, when the in-phase
component of the baseband signal mput to the n/2 phase
shifter 18 1s set as X and the quadrature-phase component 1s
set as Y, the in-phase component X* and the quadrature-phase
component Y* of the signal whose phase of this input base-
band signal 1s shifted by AO 1s as illustrated 1n the following
Expression (6) and Expression (7). On the basis of Expression
(6) and Expression (7), a phase shift result 1in the /2 unmit 1s as
illustrated 1n Table 1. From Table 1, 1t 1s understood that the
in-phase component X* and the quadrature-phase component
Y * of the output baseband signal of the /2 phase shifter 18
may be obtained through the inversion and/or replacement of
the in-phase component X and the quadrature-phase compo-

nentY of the input baseband signal of the 7t/2 phase shifter 18.
(6)

X*=X-cos(A,)-Tsm(A,)

Y*=X'sin(Ay)+Y-cos(Ay) (7)

TABLE 1
AOQ =0 AOQ =7/2 AD=mx AO =3n/2
XF +X -Y -X +Y
Yk +Y +X -Y -X

In view of the above, the m/2 phase shifter 18 may adopt a
simplified configuration illustrated in FI1G. 5. FIG. S1s ablock
diagram 1llustrating an example of a configuration of the /2
phase shifter 18.

The /2 phase shifter 18 exemplified in FIG. 35 1s provided
with inversion processing units 181 and 182 and a switch 183.
The mversion processing unit 181 generates a signal -X
which 1s obtained by inversing the in-phase component X of
the baseband signal input to the /2 phase shifter 18 and
supplies the signals X and —X to the switch 183. The inversion
processing unit 182 generates a signal —Y which 1s obtained
by mversing the quadrature-phase component Y of the base-
band signal input to the n/2 phase shifter 18 and supplies the
signals Y and -Y to the switch 183.

The switch 183 1s configured to select two signals of the
iput signals X, —X,Y, and -Y to be set as output signals X*
and Y*. The signal selection 1n the switch 183 1s performed
while following Table 1 1n accordance with a target phase

shift amount (A0=0, /2, &, or 37/2).
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(1-5) Operation of the Phase Correction

Next, mainly with reference to FIG. 3, an operation of the
phase correction in the wireless transmitter according to the
first embodiment will be described.

With reference to FIG. 3, in the wireless transmitter
according to the first embodiment, the baseband signal for
transmission (the in-phase component I, the quadrature-
phase component Q) 1s modulated by the quadrature-phase
modulator 40 and thereaiter amplified to a desired level by the
power amplifier 90 to be radiated to space. Herein, 1n order to
compensate the linearity distortion in the power amplifier 90,
the output signal RF_OUT of the power amplifier 90 1s taken
out by the directional coupler 93 and fed back as the RF signal
y(t) (Cartesian feedback). The signal fed back to the quadra-
ture-phase demodulator 30 1s delayed because of the delay
clement of the feed back system as compared, for example,
with the output signal of the quadrature-phase modulator 40.
Theretfore, the phase error may be generated between the
baseband signal for transmission (the in-phase component I,
the quadrature-phase component Q) and the baseband signal
(the in-phase component I*, the quadrature-phase component
Q*) obtained by the quadrature-phase demodulator 30. In
order to compensate this phase error, the signals of the respec-
tive components are input to the phase detector 10. Also, the
signals of the respective components of the baseband signal
for transmission (the imn-phase component I, the quadrature-
phase component Q) and the baseband signal (the in-phase
component I*, the quadrature-phase component Q*) are also
input to the lock indicator 16.

On the basis of the signals of the respective components of
the input baseband signal for transmission (the in-phase com-
ponent I, the quadrature-phase component Q) and the base-
band signal to be fed back (the 1n-phase component I*, the
quadrature-phase component (Q*), the phase detector 10 sets
the controlled voltage CV (see FIG. 4) provided to the phase
shifter 14 as the target correction amount. The controlled
voltage CV 1s a value, for example, 1n accordance with sin
(A¢) when the phase error between the baseband signal for
transmission and the baseband signal to be fed back 1s set as
AQ.

The phase shitter 14 performs the phase shift on the carrier
signal sin{wt) from the local oscillator 91 1n accordance with
a magnitude of the controlled voltage CV from the phase
detector 10 and generates the carrier signal sin(wt+A¢) with
respect to the quadrature-phase modulator 40. Herein, 1n a
range where the phase error A¢ 1s small, for example, within
the range of —n/2<A¢<+m/2, the phase may be corrected by
the phase shifter 14 alone, but in a case where the phase error
A¢ 1s large, depending on the configurations of the phase
detector 10 and/or the phase shifter 14, the phase may not be
corrected by the phase shifter 14 alone.

In this phase correction apparatus, in a case where the
phase 1s not corrected, 1t 1s determined by the lock indicator
16 that the lock 1s not effected, and the lock determination
signal L._IND indicating that the lock 1s not effected is sent to
the 7t/2 phase shifter 18. In the m/2 phase shifter 18 receiving
the lock determination signal I._IND), the phase of the base-
band signal for transmission (the in-phase component 1, the
quadrature-phase component Q) 1s shifted by n/2. Then, the
lock indicator 16 determines again whether or not the lock 1s
not effected (after elapse of a given period of time, for
example, after the lock determination signal L_IND indicat-
ing that the lock 1s not effected 1s sent to the 7t/2 phase shifter
18). As a result, when it 1s determined that the lock 1s not yet
effected, the lock indicator 16 sends the lock determination
signal L._IND indicating that the lock 1s not effected to the /2
phase shifter 18. Then, the /2 phase shifter 18 further shifts
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the phase of the baseband signal for transmission (the in-
phase component I, the quadrature-phase component Q) by

/2. In such a method, until it 1s determined by the lock
indicator 16 that the lock 1s effected, the phase shift in the /2
phase shifter 18 1s carried out.

In an 1i1tial operation of the phase correction, even when 1t
1s determined by the lock indicator 16 that the lock 1s not
elfected, 11 the phase shift in the 7t/2 phase shifter 18 1s carried
out one time or 1s repeatedly carried out a plurality of times,
eventually, the target correction amount (the phase error Ag)
1s accommodated 1n the range (lock range) where the correc-
tion may be performed by the phase shifter 14 alone. In this
way, the phase correction 1s almost completely carried out
through the operations of the phase detector 10 and the phase
shifter 14, and 1t 1s determined by the lock indicator 16 that the
lock 1s effected.

As described above, the phase correction apparatus accord-
ing to the first embodiment realizes the phase correction by
using the phase shifter 14 which may perform the phase shift
at a minute amount but whose phase amount at which the shait
may be performed 1s small and the /2 phase shifter 18 which
may perform a phase shift only at a rough amount (according,
to the above-mentioned embodiment, the 7/2 unit) but whose
phase amount at which the shift may be performed 1s large in
combination.

Herein, as 1llustrated 1in FIG. 3, the /2 phase shifter 18 1s
arranged between the subtractor 38 and the quadrature-phase
modulator 40. That 1s, in the feed back loop 1llustrated 1n FIG.
3, the /2 phase shifter 18 1s arranged on the direct line (direct
line between the input and output of the system) instead of the
teed back line. Herein, as already illustrated in Expression
(5), while the transfer function arranged on the direct line 1s
set as K(s), in the case of K(s)>>1 (for example, a case of
dealing with a hugh frequency), the transfer function on the
direct line may be 1gnored 1n the transier function of the entire
control system. This means that in the phase correction appa-
ratus illustrated in FIG. 3, the characteristic of the output of
the control system (that 1s, the output of the power amplifier)
1s resistant to the influence of the non-linearity of the /2
phase shifter 18 and the distortion characteristic. Therefore,
in the phase correction apparatus according to the first
embodiment, the phase correction operation functions stably.

According to the first embodiment, the phase shift amount
ol the phase shifter provided to the direct line (according to
the first embodiment, the m/2 phase shifter 18) 1s not limited
to the 7t/2 unit. That 1s, 1n a case where the phase error may not
be removed by the phase shifter 14, the phase shifter provided
to the direct line may sutfice as long as the phase shiit on the
baseband signal for transmission 1s complementarily carried
out. The phase shift carried out 1n the /2 unit 1s preferable 1n
terms of promising simplification of the configuration (see
FIG. 8), but the phase shiit 1s not necessarily limited to be
carried out 1n the /2 unit. For example, similarly as in the
phase shifter 14, the phase shifter provided to the direct line
may suilice as long as the phase 1s shifted at an amount in
accordance with the control voltage with respect to the base-
band signal for transmission. Irrespective of the configuration
of the phase shifter provided to the phase shifter 14 for the
complementary purpose, as long as the complementary phase
shifter 1s arranged on the direct line, the transfer function by
the complementary phase shifter may be 1ignored 1n the trans-
fer function of the entire control system.

Second Embodiment

Hereinafter, a wireless transmitter including another
embodiment of the phase correction apparatus will be
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described. Herein, a configuration example of the phase
detector 10 will be described according to the first embodi-
ment.

(2-1) Dagital Processing for the Phase Detection

In the phase correction apparatus according to the second
embodiment, the phase detector 10 performs the phase detec-
tion through digital processing. A description will be given of
a method for this digital processing with reference to FIG. 6.

FIG. 6 illustrates a relation between signs of the signals of
the respective components in the baseband signal for trans-
mission (the m-phase component I, the quadrature-phase
component Q) and the baseband signal to be fed back (the
in-phase component I*, the quadrature-phase component Q*)
and signs of sin(A¢) (A¢: the phase error). The relation
between them may be obtained through the above-mentioned
Expression (3). In FIG. 6, a state 1n which the sign of sin(A¢)
1s “indefinite” means that the sign of sin(A¢) 1s not definite
only based on the signs of I, Q, I*, and Q*. For example, 1n a
case where all of I, Q, I*, and Q* are negative (-), the 1tem
(I-Q-I*-Q*) among the above-mentioned Expression (3 ) may
be positive (+) or negative (-), and therefore 1n this case, the
sign of sin(A¢) 1s set as “indefinite”.

As 1llustrated 1n FIG. 6, the phase detector 10 sequentially
detects the signs of the respective components I, Q, I*, and
Q*, and 1n a case where the sign of sin(A¢) 1s positive (+), the
phase detector 10 increases the value of the controlled voltage
CV by a gtven amount. In a case where the sign of sin(A¢) 1s
negative (—), the phase detector 10 decreases the value of the
controlled voltage CV by a given amount. In a case where the
sign of sin(A¢) 1s “indefinite”, the phase detector 10 holds the
value of the controlled voltage CV.

(2-2) Specific Configuration Example of the Phase Detector
10

Next, a specific configuration example of the phase detec-
tor 10 will be described with reference to FIGS. 7 t0 9. FIG.
7 1s a block diagram 1illustrating a specific configuration
example of the phase detector 10. FIG. 8 illustrates a setting
example of a ROM (Read Only Memory) in the phase detec-
tor 10 illustrated 1n FIG. 7. FIG. 9 1illustrates an mput and
output relation of an integrator in the phase detector 10
according to the second embodiment.

The phase detector 10 1illustrated 1n FIG. 7 includes a
digital processing unit 50 and an integrator 60. The digital
processing unit 50 1s provided with a comparator group 51
(comparators 31-1 to 51-4), a decoder 52, a ROM 353 func-
tioning as a first memory, and a butler group (butiers 54-1 and
54-2). The integrator 60 1s provided with an operation ampli-
fier OP61 and a resistance element and capacitors (capacitors
C62, C63, and the like) connected to an input terminal or an
output terminal of the operation amplifier OP61.

In the digital processing unmt 50, the respective compara-
tors of the comparator group 51 binarize the input signals.

That 1s, the comparator 51-1 compares the signal level of
the 1n-phase component I of the baseband signal for transmis-
sion (for example, a voltage amplitude level) with a given
threshold. In a case where the signal level of 11s larger than the
threshold, the comparator 51-1 outputs “1” as the logical
level. In a case where the signal level of I 1s equal to or smaller
than the threshold, the comparator 51-1 outputs “0” as the
logical level. The comparator 51-2 compares the signal level
ol the quadrature-phase component QQ of the baseband signal
for transmission with a given threshold. In a case where the
signal level of Q 1s larger than the threshold, the comparator
51-2 outputs “1” as the logical level. In a case where the signal
level of QQ 1s equal to or smaller than the threshold, the com-
parator 51-2 outputs “0” as the logical level. The comparator
51-3 compares the signal level of the in-phase component I*
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of the baseband signal to be fed back with a given threshold.
In a case where the signal level of I* 1s larger than the thresh-
old, the comparator 51-3 outputs “1” as the logical level. In a
case where the signal level of I* 1s equal to or smaller than the
threshold, the comparator 51-3 outputs “0” as the logical
level. The comparator 51-4 compares the quadrature-phase
component Q* of the signal level of the baseband signal to be
ted back with a given threshold. In a case where the signal
level of Q* 1s larger than the threshold, the comparator 51-4
outputs “1” as the logical level. In a case where the signal
level of Q* 1s equal to or smaller than the threshold, the
comparator 51-4 outputs “0” as the logical level.

The threshold 1n the respective comparators 1s preferably O
(zero). In a case where the threshold 1n the respective com-
parators 1s O, the respective comparators are configured to
output “1” (when the input signal 1s positive (+)) or <0 (when
the input, signal 1s negative (-)) 1n accordance with the sign of
the mput signal. In this case, the relation between the com-
parator output and the sign of sin(A¢) illustrated 1n FIG. 8 1s
equivalent to the relation illustrated in FIG. 6.

However, the threshold 1n the respective comparators 1s not
limited to 0 and may also take another value while taking into
account the offset amount of the baseband signal or the like.
In this case, the “signs™ of the respective components 1llus-
trated mm FIG. 6 may be grasped as a relative magnitude
relation while a given threshold which 1s not limited to O 1s
used as a reference. Even 1n a case where a threshold other
than O 1s set, the threshold may be adopted as long as
determination as to whether the fluctuation 1n sin(A¢), that 1s,
the controlled voltage CV 1s increased or decreased may be
made based on the threshold.

The decoder 52 converts the outputs of the comparators
51-1 to 51-4 (4-bit parallel signals) into a value of an address
of the ROM 53. With reference to FIG. 8, a relation between
combinations of the outputs of the respective comparators
(“0” or “1”) and ROM addresses 1s defined. In the decoder 52,
the ROM address 1s set while following this relation.

As 1llustrated 1n FIG. 8, the ROM 53 stores 2-bit data D,
D, for each ROM address. The 2-bit data D,, D, (logical
level) in accordance with the ROM address set by the decoder
52 1s output from the ROM 53.

The data of the ROM 53 1s set 1n accordance with the
tollowing standard. That 1s, as 1llustrated 1n FIG. 8, 1n accor-
dance with the outputs of the respective comparators, the
following 1s determined that the value of the controlled volt-
age CV (sin(A¢) 1s increased, by a given amount, decreased
by a given amount, or the value 1s held. Then, 1n a case where
the sign of sin(A¢) 1s positive (+), D,=1 and D,=0 are setto be
the output data of the ROM 53. In a case where the sign of
sin(A¢)1s negative (-), D,=0 and D, =1 are set to be the output
data of the ROM 53. In a case where the sign of sin(A¢) 1s
indefinite, D,=X and D,=X (both high impedance) are set.

The buffers 54-1 and 54-2 are respectively output butlfers
for outputting the data D, D, of the ROM 33 to the integrator
60. The respective bullers are controlled based on an external
ecnable signal EN as to whether the data of the ROM 53 1s
output at the unchanged logical level or the output is set as
high impedance. The respective bulfers outputs the data Dy,
D, as signals SU and SD to the integrator 60 when, for
example, the enable signal EN 1s a low level. When the enable
signal EN 1s a high level, the respective butfers set the data D,
D, that 1s, the signals SU and SD as high impedance.

As 1llustrated in FIG. 7, 1n the integrator 60, the capacitor
C62 1s provided on a feed back loop for connecting an output
terminal and an inversed mnput terminal of the operation
amplifier OP61. The capacitor C62 and the resistance element
connected to the input terminal of the operation amplifier
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OP61 form an integrator circuit. To the output terminal of the
operation amplifier OP61, via the resistance element, the
capacitor C63 for holding the controlled voltage CV 1s con-
nected. In the mtegrator 60, as a polarity of an integration
result 1s mverted with respect to the mput signal, the respec-
tive signals SU and SD from the digital processing unit 50 are
input to a non-inverted input terminal and the mverted 1mnput
terminal of the operation amplifier OP61. In the case of an
application of this phase correction apparatus to an actual
system, with the resistance element and the capacitors in the
integrator 60, the gain of the controlled voltage CV and the
frequency characteristic may be adjusted.

With reference to FIG. 9, the integrator 60 operates 1n
accordance with the values of the mput signals SU and SD as
tollows. That 1s, 1n the integrator 60, when SU=1 (D,=1) and
SD=0 (D,=0), the controlled voltage CV 1s increased by a
grven amount. In the mtegrator 60, when SU=0 (D,=0) and
SD=1 (D,=1), the controlled voltage CV 1s decreased by a
grven amount. In the itegrator 60, when the input 1s high
impedance (D,=X and D,=X), the value of the controlled
voltage CV 1s held.

The operation of the phase detector 10 according to the
second embodiment 1s as follows.

That 1s, 1n the phase detector 10, first, 1n the digital pro-
cessing unit 50, the mput signals of the respective compo-
nents (I, Q, I*, and Q*) are compared with the given threshold
and then binarized (digitalized). The data as to whether or not
the value of sin(A¢), when the phase error 1s set as A¢, 1s to be
increased, decreased, or held based on the combinations of
the binarized signals of the respective components 15 previ-
ously stored 1n the ROM 53 1n the digital processing unit 50
(see FIG. 6). In the digital processing unit 50, the signals of
the respective components (I, Q, I*, and Q*) are sequentially
taken 1n, and 2-bit data (D,, D, ) 1s taken out from the corre-
sponding ROM 33. This ROM data 1s supplied to the integra-
tor 60 via the buller as a signal at a given amplitude level
(s1gnal at the same logical level as that of the ROM data). In
the mtegrator 60, based on the signal from the buffer, the
output voltage with respect to the phase shifter 14 (the con-
trolled voltage CV) 1s increased, decreased, or held (which 1s
sequentially updated). In this manner, the controlled voltage
CV 1n accordance with the value of sin(A¢) when the phase
error 1s set as A 1s provided to the phase shifter 14.

With the phase correction apparatus and the phase correc-
tion method according to the first and second embodiments
thus disclosed, the stability of the phase correction operation
1s 1improved.

For example, in the distortion compensation apparatus
according to the first and second embodiments, the example
has been 1llustrated 1n which the phase detector 10 shiits the
phase of the carrier signal (the first carrier signal) provided to
the quadrature-phase modulator 40, but the target of the phase
shift 1s not limited to the above. The target of the phase shift
by the phase detector 10 may also be the baseband signal for
transmission, the baseband signal to be fed back, or the carrier
signal (the second carrier signal) provided to the quadrature-
phase demodulator 30.

Also, the specific circuit configuration which 1s referred to
for describing the second embodiment 1s a mere example for
the description of the second embodiment, and another circuit
structure provided with a similar function may of course be
used instead. For example, the integrator illustrated in F1G. 7
1s a mere example, and the same function may also be realized
by a digital circuit. In this case, the digital circuit may be
provided with a counter for performing addition or subtrac-
tion 1n accordance with the signal level from the digital pro-
cessing unit 30, a DAC (Digital/ Analogue Converter), and the
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like. The integrator 1llustrated 1n FIG. 7 adds or subtracts the
signal output from the digital processing unit (logical level
voltage) at an analog level, and the integrator 1s economically
superior as the provision of the DAC may not be necessary.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader 1n under-
standing the mvention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to an 1llustration of the superiority and
inferiority of the invention. Although the embodiment(s) of
the present inventions have been described in detail, 1t should
be understood that various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the imvention.

What 1s claimed 1s:

1. A phase correction apparatus in a wireless transmitter for
converting a first signal into a wireless signal and amplifying
the wireless signal by a power amplifier, the phase correction
apparatus comprising;

a quadrature-phase modulator for modulating an in-phase
component and a quadrature-phase component of the
first signal by a first carrier signal;

a quadrature-phase demodulator for demodulating a
returned signal returned from an output of the power
amplifier by a second carrier signal and generating a
second signal including an in-phase component and an
quadrature-phase component;

a phase detector for detecting a phase error between the
first s1ignal and the second signal based on the in-phase
components and the quadrature-phase components of
the first signal and the second signal; and

a phase shifter group for performing a phase shift based on
the phase error, the phase shifter group including a first
phase shifter for performing a phase shiit on any of the
first signal, the second signal, the first carrier signal, and
the second carrier signal and a second phase shifter for
shifting a phase of the first signal.

2. The phase correction apparatus according to claim 1,
wherein the second phase shifter shifts the phase of the first
signal 1n a 7t/2 unit.

3. The phase correction apparatus according to claim 2,
turther comprising:

a correction determination unit for determining whether or
not the phase error 1s corrected based on the mn-phase
components and the quadrature-phase components of
the first signal and the second signal,

wherein the correction determination unit controls the sec-
ond phase shifter so as to sequentially shift the phase of
the first signal in the 7/2 unit each time when determined
that the phase error 1s not corrected.

4. The phase correction apparatus according to claim 1,
wherein the phase detector includes a first memory storing,
information as to whether a sine value of the phase error 1s to
be increased, decreased, or held 1n accordance with a combi-
nation of binarized signals of the respective components of
the first signal and the second signal and refers to the first
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memory based on sequentially binarized respective compo-
nents of the first signal and the second signal to sequentially
update the sine value of the phase error.

5. The phase correction apparatus according to claim 1,

wherein the first phase shifter shifts a phase 1n a given first

range with respect to a signal of a phase shiit target, and
wherein the second phase shifter shifts a phase exceeding
the first range with respect to the first signal.
6. A phase correction method 1n a wireless transmitter for
converting a first signal into a wireless signal and amplifying
the wireless signal by a power amplifier, the phase correction
method comprising:
modulating an in-phase component and a quadrature-phase
component of the first signal by a first carrier signal;

demodulating a returned signal returned from an output of
the power amplifier by a second carrier signal and gen-
erating a second signal including an in-phase component
and an quadrature-phase component;

detecting a phase error between the first signal and the

second signal based on the in-phase components and the
quadrature-phase components of the first signal and the
second signal; and

performing a phase shift based on the phase error on any of

the first signal, the second signal, the first carrier signal,
and the second carrier signal, and shifting a phase of the
first s1ignal 1n a given unait.

7. The phase correction method according to claim 6,
wherein

the shitting includes shifting the phase of the first signal 1n

a /2 unit.

8. The phase correction method according to claim 6, fur-
ther comprising:

determining whether or not the phase error 1s corrected

based on the in-phase components and the quadrature-
phase components of the first signal and the second
signal; and

sequentially shifting the phase of the first signal 1n the 7/2

unit each time 1t 1s determined that the phase error 1s not
corrected.

9. The phase correction method according to claim 6,
wherein

the detecting includes storing information as to whether a

sine value of the phase error 1s to be increased,
decreased, or held 1n accordance with a combination of
binarized signals of the respective components of the
first signal and the second signal and refers to the infor-
mation based on sequentially binarized respective com-
ponents of the first signal and the second signal to
sequentially update the sine value of the phase error.

10. The phase correction method according to claim 6,
wherein

the performing the phase shift includes shifting a phase 1n

a given first range with respect to a signal of a phase shift
target, and

the shifting includes shifting a phase exceeding the first

range with respect to the first signal.
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